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indicates elevated Wnt signaling in Wise-null tooth germs, and reveals
that loss of Wise results in survival and accelerated development of a
vestigial tooth bud in the normally toothless diastema region. Gene
expression analysis indicate that FGF and Shh signaling is also elevated
in Wise mutant tooth buds consistent with the current model thatWnt
signaling acts upstream of those pathways to regulate tooth develop-
ment. In addition, when over-expressed with a Keratin 14-Wise
transgene, Wise can disrupts development of ectodermal organs
including hair follicles and teeth mimicking other Wnt antagonists.
Our results demonstrate that Wise acts as a major regulator of tooth
survival, growth and patterning through restrictingWnt activity and its
downstream signaling pathways.
doi:10.1016/j.ydbio.2009.05.232
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Role of WNT11 during avian facial morphogenesis
Poongodi Geetha-Loganathan, Suresh Nimmagadda, Joy M. Richman
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Perturbations innormal process of face development cause cleft lip to
develop, a condition that affects 1:800 babies each year. Wnts are
secreted glycoproteins and there are 19 in mammals. Little is known
about the role ofWnts in facialmorphogenesis. Here,we investigated the
hypothesis thatWNT11 regulates the process of lip fusion.WNT11 is first
localized in themesenchymeof themaxillaryprominence (mxp) close to
where the lip will fuse. Later WNT11 expression is shifted out of the
fusion zone and is restricted to the lateral mesenchyme under the eye.
WNT11 is never expressed in the frontonasalmass (fnm)or themiddle of
the upper beak thusmight act as a negative regulator of lip fusion. In the
present study, we found that misexpression of WNT11 in the maxillary
prominence/frontonasal mass using an avian retrovirus leads to large
gaps in the soft tissues and skeleton. These effects are equivalent to cleft
lip in humans. Recently WNT11 polymorphisms have been found in
patients with clefts. We also found that WNT11 overexpression down-
regulates the expression ofMSX1whereas upregulates DKK1 (canonical
Wnt antagonist) thus the cleft phenotype caused by WNT11 is due to
blocking the activity of canonical WNT signalling. Further we also found
that SHH, BMP4 and FGF8 negatively regulate WNT11 expression
whereas RA induces WNT11. These results are the first to show the
context dependent regulation of WNT11 and its interaction with the
otherknownsignallingpathways involved innormal facial development.
Thus, we identified WNT11 as a new gene involved in facial clefting.
doi:10.1016/j.ydbio.2009.05.233
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Folate's role in the development of the face, jaw, palate and
teeth — Does one size fit all?
Luiza Przewodnikowska, Rachel Brunner, Mary Kimble,
Terrence Puryear
Department of Biology, Northeastern Illinois University, USA
Prenatal folate supplementation inhibits the onset of neural tube
defects such as cranial facial malformations which are diagnosed in
75% of all congenital birth defects in humans, affecting the head, face
and oral cavity. This study examines the effects of folate concentra-
tion on cranial facial, palate and tooth development. Timed pregnant
ICR mice were treated on the evening of either E11 or E14 with sterile
saline, 1 X FA (12 mg/kg folinic acid) or 4 X FA (48 mg/kg folinic
acid). On days E12 and E13 they were treated in the morning with
either sterile saline or 20 mg/kg Methotrexate (MTX) and 1 X FA or 4
X FA and in the evening either sterile saline or 1 X FA or 4 X FA
resulting in 4 experimental groups for each treatment period. Various
levels of folate supplementation have led to stage specific differences
in jaw and tooth primordia formation. Clefting was only observed in
the 1 X FA E14 group of embryos suggesting that the administered
folate concentration was insufficient. Alterations in embryonic head
and jaw shape were noted for both the E14 and E17 embryos with the
most pronounced differences being seen in the 4 X FA groups. The
changes seen in either E14 or E17 embryos were not as pronounced
among adult mice from these treatment groups suggesting that some
type of compensatory mechanism might be at work. This study
provides insight into the role of folate concentration and timing
during cranial facial embryonic development.
Funded by: Northeastern Illinois Foundation.
doi:10.1016/j.ydbio.2009.05.234
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The role of actin dynamics and the PCP pathway in mammalian
convergent extension and establishment of leftright asymmetry
James P. Mahaffey, Kathryn V. Anderson
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In many model organisms the planar cell polarity (PCP) pathway
is required for the morphogenesis of embryonic structures. These
changes in cellular architecture are achieved by the pathway's ability
to rearrange the actin cytoskeleton within a single cell. In accord with
these observations, it has previously been shown that proteins that
control actin dynamics may also influence the PCP pathway. An
example of this is the protein Cofilin, which severs existing actin
filaments and is required for cell motility. When Cofilin is mutated in
Drosophila there are defects in the PCP pathway, suggesting that the
actin cytoskeleton is required for PCP signaling. Mutations in the PCP
pathway in mice have been shown to cause a defect in axis elongation
and neural tube closure; however, these mutations do not cause as
severe a defect as similar mutations in other vertebrate systems.
Therefore, to further investigate the role of the PCP pathway in
morphogenesis of the mouse embryo we are investigating a genetic
interaction between one of the core PCP proteins, Vangl2, and Cofilin,
a protein that regulates the actin cytoskeleton. Through this work I
have shown that these two genes cooperate in the morphogenesis of
the notochordal plate and in the positioning of nodal cilia that are
required for the establishment of leftright asymmetry.
doi:10.1016/j.ydbio.2009.05.235
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Dissecting the role for ciliary genes in intrinsic cell polarity during
PCP signaling
Maria F. Chacon-Heszele, Richard Anderson, Ping Chen
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Planar cell polarity (PCP) refers to coordinated orientation of
intrinsically polarized cells along the plane of a cell sheet. During PCP
signaling, conserved PCP proteins form asymmetric membrane-
associated complexes to establish a planar axis for neighboring cells.
The mechanism underlying downstream intrinsic cell polarization
during PCP signaling, however, is not clear. The mammalian hearing
organ represents a distinct form of PCP. It is showcased by the uniform
orientation of V-shaped hair bundles, consisting of microvilli-derived
stereocilia and a single primary cilium, at the apical surface of sensory
hair cells. Previously, we showed that the inactivation of ciliary genes
does not affect the formation of asymmetric membrane-associated PCP
Abstracts / Developmental Biology 331 (2009) 442–455 449
proteins, but causes the formation of misoriented and non-polar hair
bundles, indicating a role for ciliary genes in intrinsic cell polarization
downstream of asymmetric PCP complexes. We further found that
basal body positioning correlates with the polarity or loss of polarity of
hair bundles and that basal body configuration appears to be affected
in ciliary mutants. Strikingly, similar defects in the basal body and in
the loss of intrinsic polarity were found in mouse mutants with
defective Usher genes Usher proteins make up the machinery for the
formation of polarized hair bundles. We have also detected a genetic
interaction between Usher gene PCDH15 and ciliary gene IFT88 in basal
body location and hair bundle morphogenesis. Together, our results
suggest that ciliary genes act with Usher genes to configure the basal
body to direct the formation of intrinsically polarized hair bundles.
doi:10.1016/j.ydbio.2009.05.236
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Wnt/planar cell polarity signaling controls endoderm cell
rearrangements during the morphogenesis of the primitive
gut tube
Nanette Nascone-Yoder, Michael Dush
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To generate normal functional anatomy in the digestive tract, the
primitive gut tube (PGT) must undergo dramatic elongation and form
a lumen lined by a single layer of polarized digestive epithelium. In
Xenopus embryos, endoderm cells in the core of the PGT radially
intercalate during gut elongation, but themorphogenetic mechanisms
underlying these rearrangements are unknown. We previously
showed that inhibition of Rho/ROCK/Myosin II activity prevents
endoderm intercalation and consequently perturbs both gut elonga-
tion and digestive epithelial morphogenesis. Here we show that gut
morphogenesis is governed by Wnt/PCP signaling. Gut-targeted
expression of a dominant negative form of Wnt11, or an allele of
Disheveled (Dsh) that specifically inhibits noncanonical Wnt signaling,
results in shortened andmalrotated gut tubes.Wnt11- orDsh-deficient
endoderm cells lose their polarized morphology and fail to properly
intercalate. Moreover, exposure of late stage embryos to small
molecule inhibitors of Rac or JNK perturbs the normal cell shape and
adhesion patterns necessary for endoderm intercalation, and conse-
quently induces severe defects in gut elongation and digestive
epithelial morphogenesis. Our results suggest that the morphogenetic
events driving tissue elongation in the PGT are mechanistically
analogous to those that function during gastrulation. We propose that
different Wnt/PCP signaling components control distinct endoderm
cell properties and behaviors to coordinate the development of an
epithelial lining with tubular tissue elongation in the PGT.
doi:10.1016/j.ydbio.2009.05.237
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Wnt5b/Ryk signaling mediates polarized cell movement
in zebrafish
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TheWnt signalingnetwork plays an important role inpatterning and
morphogenesis. Wnt pathways via the seven-transmembrane receptor
Frizzled (Fzd) regulate convergent extension (CE) movement in
vertebrate embryos. Wnt has also been shown to signal through Ryk,
an atypical receptor tyrosine kinase, to mediate axon guidance.
However, the molecular mechanism of Wnt/Ryk signaling and its role
outside the nervous systemare lesswell characterized. Herewe report a
role of Wnt5b/Ryk signaling in zebrafish gastrulation. We combined
gene knockdown and transplantation assays to show that Wnt5b/Ryk
signaling is required for the CEmovement during zebrafish gastrulation.
We further demonstrate that Ryk internalizes into caveolin-coated
endocytic vesicles upon Wnt5b stimulation and promotes polarized
filapodia in migrating cells. While Wnt5b signaling through Ryk is
independent of nuclear beta-catenin function, Ryk deficiency partially
blocks Wnt5b-induced Disheveled (Dvl) turnover and Ryk over-
expression activates intracellular calcium release, suggesting that
Wnt5b/Ryk signaling regulates polarity effectors in common non-
canonical Wnt pathways. In contrast to its role as a permissive cue in
Wnt/Fzd signaling, Wnt5b transduces directional signals to Ryk-
expressing cells. Our findings indicate that non-canonical Wnt ligands
can modulate polarized cell movement in vertebrates by two mechan-
isms: a knownmechanism by which activation of the core components
of planar cell polarity (PCP) pathway through Fzd leads to establishment
of polarity framework; and a novel mechanism by which Ryk signaling
provides directional information for cell migration.
doi:10.1016/j.ydbio.2009.05.238
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The PCP effector Fritz governs microtubule assembly and
ciliogenesis in vertebrate multi-ciliated cells
Su Kyoung Kim, Tae Joo Park, Phil. B. Abitua, John B. Wallingford
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Cilia are microtubule-based organelles protruding from nearly all
vertebrate cells. Several core components of the PCP signaling are
essential for ciliogenesis. Fritz is an effector in the PCP signaling. Here,
we examined its function in Xenopus laevis using antisense morpho-
lino-oligonucleotides (MOs). Confocal microscopy and scanning
electron microscopy revealed that axonemes on multi-ciliated cells
of Fritz morphants were far shorter and fewer in number, as compared
to controls. We observed that loss of Fritz results in the accumulation
of apical cytoplasmic microtubules including polyglutamylated tubu-
lins. Polyglutamylation is important for cilia assembly and function. A
dramatic increase in polyglutamylated tubulin signal in the apical
cytoplasm of Fritz morphant multi-ciliated cells indicates that the
ectopic microtubule assembly in Fritz morphant is highly glutamy-
lated. Next, we identified the CCTas an interacting partner of Fritz. CCT
is a chaperonin and has been implicated in ciliogenesis. We generated
GFP- or myc-tagged CCT subunit constructs and found that the GFP- or
myc-tagged CCTa and CCTewere localized in punctate structures along
the ciliary axonemes of multi-ciliated cells. We observed that loss of
Fritz results in the accumulation of CCT at the apical cytoplasm in
multi-ciliated cells. We suggest that by deregulating the localization
or function of CCT in Fritz morphants, the turnover of microtubules
may slow in the apical cytoplasm of multi-cilated cells. As a result of
reduced turnover, these microtubules may be longer-lived and thus
acquire a higher concentration of polyglutamylation.
doi:10.1016/j.ydbio.2009.05.239
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